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Quantitative genetics: Resolving wing shape genes
Toby Johnson and Peter D. Keightley
Recent high-resolution quantitative mapping
experiments aimed at elucidating the genetics of
natural variation for wing shape in fruitflies suggest
that very many genes can subtly influence the trait.
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Many features of living organisms vary in a continuous,
rather than a discrete, fashion. Such quantitative traits
often show substantial amounts of heritable variation.
Quantitative genetics, which is the study of the inheri-
tance of continuous traits, originated in statistical work by
Galton, Weldon and Pearson around the turn of the
century. At that time, the inheritance of discrete charac-
ters, such as red or white flower colour, was understood
from the work of Mendel, but the inheritance of continu-
ous traits was thought to be mediated in a different way,
by some kind of ‘blending inheritance’ [1]. In 1918,
Fisher [2] formulated the theoretical basis of modern
quantitative genetics by developing a model in which dis-
crete alleles segregate in a Mendelian fashion at a large
number of loci. 
A trait determined by the combined effects of all of the
loci envisaged by Fisher would have a continuous distrib-
ution, and the correlations between parents and offspring
observed empirically are natural properties of the model.
Since that time, a large body of work has accumulated,
attempting to elucidate the genetic basis of continuous
trait variation. There has recently been an explosion of
new studies employing molecular genetic markers to map
the genes causing variation for quantitative traits, known
as quantitative trait loci or QTLs. The question of the
number and modes of action of genes affecting quantita-
tive traits is currently still unresolved.
A recent intensive study by Weber and co-workers [3] has
mapped the genes causing quantitative variation in a new
model trait. Sensory bristle number has long been a model
trait for QTL mapping in Drosophila [4]. Weber and
colleagues chose instead to measure the dimensions
between wing vein intersections, and constructed an index
of wing shape, called F. To resolve QTLs of small effect,
large sample sizes are needed. Weber achieved these by
inventing a ‘planomorphometer’ [5], a device with which
live flies can be manipulated with air currents and suction,
and held still while a magnified silhouette is projected
onto a graphics tablet. This made it possible to measure
the wing dimensions of 25,950 individual flies [3].
The experiments performed by Weber et al. [3] started
with a large base population of flies, which they split into a
‘high’ line and a ‘low’ line, and selectively bred for twenty
generations using the individuals with highest or lowest
values of F. After this time, the difference between the
two lines was an impressive twenty times the standard
deviation of F in the base population. The powerful
genetic techniques available with Drosophila allowed them
to confine attention to two particular third chromosomes,
one from each line, which they manipulated in otherwise
isogenic (genetically identical) flies. The third chromo-
some is about 40% of the genome of Drosophila. 
Weber et al. [3] generated 519 recombinant third
chromosomes, each the product of a single meiosis in a
female fly carrying one each of the high and low third
chromosomes (see box 1 in [4]). For each recombinant
chromosome, a line of flies, homozygous for that recombi-
nant chromosome, was produced. These were essentially
perfect clones. Thus, the effects of environmental fluctua-
tions on wing shape measurements were minimised, and a
very accurate value of F could be scored for each recombi-
nant chromosome by measuring its value in fifty geneti-
cally identical individuals.
Each recombinant chromosome is composed of blocks of
DNA inherited from either the low or high line. The
break-points of these blocks were visualised by a DNA
probe which binds to the roo transposable element in
polytene chromosome spreads. These elements were
found at distinct locations on the high versus the low line
chromosomes, and are at high density. This allowed
Weber et al. [3] to identify breakpoints, where sections of
low and high line chromosome had been brought together
by recombination, with an average resolution of 1.8 cM
(about 1,100 kilobases of DNA).
Weber et al. [3] first made simple analyses of the data
using only those chromosomes with just one breakpoint
(single recombinants), by plotting F values against the
map position of the breakpoint. Figure 1 shows how these
graphs would look if one were able to identify breakpoints
exactly, supposing either five or fifty loci having additive
effects on the trait. As the size of the high segment (red)
in the recombinant chromosome increases, high-line
alleles become included and for each one the trait mea-
surement increases by a step equal to the effect of that
allele. By examining the pattern of steps in plots similar to
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that shown in Figure 1, Weber et al. [3] were able to iden-
tify eight statistically significant steps from their data,
showing that at least eight loci on the third chromosome
have measurable effects on the trait. If there are interac-
tions between the effects of individual alleles — epistasis
— then the two curves would look different when
inverted onto one another. Weber et al. [3] were able to
conclude from their graphical analysis that the effect of
such interactions was weak.
Weber et al. [3] also mapped QTLs using a likelihood-based
analysis [6]. This fits the whole data set to a statistical
model that describes the positions, effects and pairwise
interactions between QTLs. They repeatedly revised the
number of QTLs and interactions, and the values of the
other parameters, until a stable model was found. Because a
better fit — higher ‘log-likelihood’ — can always be
obtained by adding more parameters, their method uses a
‘stopping rule’. Extra QTLs or pairwise interactions were
only added to the model if the increased complexity was
justified by an increase in log-likelihood score of two or one
units, respectively. With such a complex analysis, it is not
obvious how to establish the extent to which false positives
contribute to the observed number of QTLs or epistatic
interactions. In this case, nine out of fifty-five possible pair-
wise comparisons showed epistatic interactions that
increased the log-likelihood by more than one unit. Further
theoretical work is required to determine the fraction of
these that are likely to be real interaction effects. The
method is on a much firmer basis in determining the posi-
tions and main (independent) effects of individual QTLs,
in this case identifying a total of eleven effects.
Weber et al. [3] also fitted an alternative model to the data,
in which the number of loci was assumed to be very large,
and with the net effect of all the alleles in any given
chromosome segment inferred from the data equivalent to
our Figure 1. The values of F for double and triple recombi-
nant chromosomes can then be predicted by assuming that
there is no epistasis. This model explains the data almost as
well — r2, the squared correlation between predicted and
observed values of F, was 0.93 — as the model built by
QTL mapping — for which the r2 was 0.96. This result is
less surprising knowing that, for this trait, the QTL interac-
tions can be evenly divided into those where the pairs of
alleles exaggerate each other’s effects (synergistic epistasis),
and where they oppose each other’s effects (antagonistic
epistasis). Thus, for the data set obtained by Weber et al. [3],
these positive and negative interactions cancel out. It is not
clear whether the same epistatic interactions would be more
important in a randomly mating population. 
It is encouraging that one of the main conclusions drawn
by Weber et al. [3] — that there are at least eight (or
eleven) loci, but could be many more — is reached inde-
pendently by either QTL mapping or graphical analysis.
But both of these methods detect only large effects, and it
is therefore hard to build up an unbiased picture of the
distribution of allelic effects.
In concluding, Weber et al. [3] remark somewhat disheart-
eningly that “we are still left with the basic questions of
quantitative genetics: exactly how many genes are there,
where are they, and what are their individual effects?” A
more optimistic view of the matter is that any chosen trait
will be affected by all polymorphic loci, but that many of
the effects will be very subtle. In this sense, we know how
to answer the first (how many?) and second (where?) ques-
tions. A recent study of one 3 Mb region of the second
chromosome in Drosophila identified the positions of 218
protein-coding genes [7]. Current estimates of the size of
the genome in Drosophila are around 12,000 protein-
coding genes. What remains to be determined is the distri-
bution of the allelic effects of these loci on any given trait. 
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Figure 1
At the top, recombinant chromosomes containing a single recombination
break-point ranked according to increasing (left) or decreasing (right)
proportion of high line parental chromosome. The wing shape (F)
corresponding to the chromosomes shown at the top is plotted —
against map position of the recombination breakpoint — in graphs for
cases in which five QTLs (middle) or fifty QTLs (bottom) are simulated at
random sites. The QTLs have equal effects within each model.
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This restatement of the problem may seem to be
evading, rather than answering, the basic questions. But
it would also be misleading to invoke some arbitrary
threshold, to say that alleles with less than some speci-
fied effect are considered not to have an effect at all.
With the accelerating interest in QTL mapping, the main
emphasis is on determining the locations of a few regions
of chromosome — not necessarily single loci — with sig-
nificant effects on the trait of interest. But while such
approaches may be useful for analysing traits of commer-
cial or medical interest, knowledge about the many
alleles of subtler effect in natural populations is critical
for questions of evolutionary importance [8].
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If you found this dispatch interesting, you might also want
to read the August 1999 issue of
Current Opinion in
Genetics & Development
which included the following reviews, edited
by Norbert Perrimon and Claudio Stern, on
Pattern formation and developmental
mechanisms:
Cell polarity in the early Caenorhabditis elegans embryo
Bruce Bowerman and Christopher A Shelton
The polarisation of the anterior–posterior and
dorsal–ventral axes during Drosophila oogenesis
Fredericus van Eeden and Daniel St Johnston
Wnt signaling and dorso-ventral axis specification
in vertebrates
Sergei Y Sokol
Establishment of anterior–posterior polarity in
avian embryos
Rosemary F Bachvarova
Polarity in early mammalian development
Richard L Gardner
Diverse initiation in a conserved left–right pathway?
H Joseph Yost
Extracellular modulation of the Hedgehog, Wnt and TGF-β
signalling pathways during embryonic development
Javier Capdevila and Juan Carlos Izpisúa Belmonte
Fringe, Notch, and making developmental boundaries
Kenneth D Irvine
Polarity determination in the Drosophila eye
Helen Strutt and David Strutt
Wnt signalling: pathway or network?
Alfonso Martinez Arias, Anthony MC Brown and Keith Brennan
Epithelial cell movements and interactions in limb,
neural crest and vasculature
Cheryll Tickle and Muriel Altabef
Cell movements in the sea urchin embryo
Charles A Ettensohn
Roles of the JNK signaling pathway in Drosophila
morphogenesis
Stéphane Noselli and François Agnès
Cell migration in Drosophila
Alexandria Forbes and Ruth Lehmann
Cell migration and axon growth cone guidance in
Caenorhabditis elegans
Catherine S Branda and Michael J Stern
The full text of Current Opinion in Genetics & Development
is in the BioMedNet library at
http://BioMedNet.com/cbiology/gen
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